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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-387

EFFECT OF STREAMLINE CONTOURING IN THE
WING-FUSELAGE JUNCTURE IN COMBINATION WITH THE SUPERSONIC
AREA RULE ON A SWEPTBACK-WING—FUSELAGE CONFIGURATION OF

HIGH FINENESS RATIO

By Charles D. Trescot, Jr.

SUMMARY

An investigation has been conducted in the Langley transonic blow-
down tunnel at Mach numbers from about 0.67 to about 1.32 to compare
two methods for reducing the pressure drag of a high-fineness-ratio
sweptback-wing-——body combination at a Mach number of i.3. One configu-
ration was axisymmetrically indented according to the principles of the
supersonic area rule and the other configuration employed the streamline
concept of shaping the wing-fuselage juncture with the same longitudinal
area development as that of the supersonic-area-rule configuration. The
ratio of the fuselage frontal area to the total plan-form wing area was

0.0606.

The results of the investigation indicate that, for a relatively
slender configuration, the streamline concept of shaping the fuselage
does not offer pressure-drag reduction greater than that obtainable
with the supersonic-area-rule concept.

INTRODUCTION

A series of investigations have been undertaken to evaluate the con-
cept of shaping the fuselage of a sweptback-wing—fuselage combination
in such a way as to combine the curvature of the streamline over an infi-
nite sweptback wing with the longitudinal area distribution obtained from
application of either the transonic area rule (ref. 1) or the supersonic
area rule (ref. 2). Experimental data are presented in references 3, 4,
and 5 which show that this method of shaping the fuselage resulted in
reductions in pressure drag coefficient significantly greater than those
obtained through the use of axisymmetric application of either the tran-
sonic or supersonic area rules alone. In these references, it is believed
that the success of the streamline contouring method in reducing pressure



drag depends to a large extent upon how well the fuselage aserodynamically
separates the two swept-wing panels. An increase in overall slenderness
of the configuration or a decrease in fuselage size relative to wing size
may result, therefore, in a decrease in the effectiveness of the
streamline-contouring method.

The purpose of the present investigation, therefore, was to obtain
such experimental data on two sweptback-wing—fuselage combinations of
high fineness ratio. Tests were made on one wing-body combination con-
toured by axisymmetric application of the supersonic area rule alone and
on another wing-body combination contoured by the streamline concept com-
bined with the longitudinal area distribution obtained by axisymmetric
application of the supersonic area rule.

The tests were conducted in the Langley transonic blowdown tunnel
through a range of Mach numbers from 0.67 to 1.32 with a corresponding

variation in Reynolds number from 1.26 x 100 to 1.56 x 106 based on
wing mean aerodynamic chord. The angle of attack was varied from about
-1.49 to 8.5°.

SYMBOLS

A aspect ratio
Cp drag coefficient, Drag

Q.S
CDO drag coefficient at zero 1lift
cL, 1ift coefficient, iift

Q.S
Cn pitching-moment coefficient, Pitching moment about c/h

quG
(L/D)max maximum lift-drag ratio
c wing mean aerodynamic chord

c local wing chord

d diameter
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Qo free-stream dynamic pressure
M, free-stream Mach number
S total wing area
A angle of attack, deg
MODELS

Two fuselages of fineness ratio 10.0 were tested in combination with
a wing of aspect ratio 4, taper ratio 0.6, 45° sweepback of the quarter-
chord line, and NACA 65A006 airfoil sections in the stream direction.
The wing was mounted on the fuselage in the midwing position at an angle
of incidence of O° and had no twist and no dihedral. The ratio of fuse-
lage frontal area to total wing plan-form area was 0.0606.

One of the fuselages tested was axisymmetrically indented according
to the principle of the supersonic area rule. The indentation, accom-
plished in the same manner as reference 2, was designed for a free-stream
Mach number of 1.3. Ordinates obtained for the area-rule fuselage are
presented in table I and a sketch and photographs of the configuration
are presented as figures 1 and 2, respectively.

A second fuselage was obtained by combining the streamline concept
of shaping the fuselage with the longitudinal area development resulting
from application of the supersonic area rule. The fuselage contour was
shaped to conform to the calculated streamline shape that would exist on
the wing surface at a free-stream Mach number of about 1.3 if the fuse-
lage was not present and the sweptback wings were of infinite span. The
method of calculating the streamline shape for the present investigation
was the same as that employed in references 3 and 4. Ordinates obtained
for the streamline contoured fuselage are presented in table II and a
sketch and photographs of the model are presented in figures 1 and 3,
respectively.

The longitudinal cross-sectional area development of the configura~

tions tested and that of a basic wing-body combination are shown in
figure 4.

APPARATUS

The tests were made in the Langley transonic blowdown tunnel which
has a slotted octagonal test section measuring 26 inches between flats.



The model was mounted on an internal three-component electrical strain-
gage balance which was sting-supported in the tunnel. Force and moment
data were recorded by self-balancing potentiometers on pen-type strip
charts. The base pressure and the pressures necessary to determine
dynamic pressure and Mach number were recorded with quick-response
flight-type recorders.

TESTS

The tests were made through a range of Mach numbers from 0.67 to
1.32 with a corresponding variation in Reynolds number from 1.26 X 106
to 1.56 x 106 based on the wing mean aerodynamic chord. The angle-of-
attack range was varied from about -1.4° to 8.5°, and the measured angles
were corrected for sting and balance deflections due to aerodynamic loads.

=0 e

All the tests of the present investigation were run with fixed tran-
sition in order to avoid changes in aerodynamic forces due to changes in
the extent of laminar flow on the models. The roughness strips were con-
structed of 0.001~ to 0.002-inch-diameter carborundum grains blown on a
thin layer of wet shellac. The strip on each fuselage was l/h inch wide .
and the leading edge of each strip was located at 10 percent of the fuse-
lage length. Care was taken to assure that the same degree of roughness
was applied to each fuselage forebody. The strips on the wings were -
about 1/8 inch wide and the leading edge of the strips were located at
about 10 percent of the local chord from the wing leading edge on both
the upper and lower wing surfaces. The wing roughness strips were the
same for both configurations inasmuch as the same wing was used for all
the tests.

Based on previous experience with models of a similar size, it
appears that, for the fuselage alone, the results will be influenced
by tunnel wall reflections through a range of Mach numbers between about
1.0k and 1.14. The interference range, however, would be extended to a
slightly higher Mach number for the wing-body combination due to reflected
disturbances intersecting the wingtips. The wingtip disturbance should
have no effect on a comparison of results between the two wing-body com-
binations inasmuch as the disturbance should not only be small but the
same for both configurations.

The drag data have been adjusted to a condition of free-stream
static pressure at the base of the model. 1In addition, the drag data
measured at Mach numbers of about 1.16 and greater were corrected for
buoyancy effects resulting from gradients in test section Mach number. .
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RESULTS AND DISCUSSION

The measured lift and pitching-moment coefficients are presented
in figures 5 and 6. Presented in figure 7 are the drag polars for both
configurations. The following table presents the zero-lift drag coef-
ficients and maximum lift-drag ratios obtained from the tests of the
supersonic-area-rule and streamline-contoured configurations at two
test Mach numbers that bracket the design Mach number of 1.30.

Configuration M Cpg (L/D) pox
Supersonic 1.28 0.0248 5.61
ares rule
1.32 0.0251 5.52
Streamline 1.28 0.0258 5.56
contour
1.%2 0.0261 5.36

References 3, 4, and 5 indicate that pressure-drag reductions
greater than those obtained by axisymmetric application of the princi-
ples of the transonic or supersonic area rule have been obtained with
configurations having the same longitudinal area distribution and having
the fuselage locally shaped according to the natural streamline flow
that would exist over an infinite sweptback wing. These references also
state that the pressure-drag reduction may decrease as the overall slen-
derness of the configuration increases or as fuselage size relative to
wing size decreases. That this is so is shown by the lack of pressure-
drag reduction due to streamline contouring attainable with the present
configuration as compared with the reduction attained in reference 4 on
a configuration also designed for a low supersonic Mach number. The
fuselage fineness ratio of the present configuration was 10 and the
ratio of the fuselage frontal area to wing area was 0.0606 as compared
with values of 9 and 0.11, respectively, for the configuration of ref-
erence L. It appears then that detailed differences in contouring are
not as important for wing-body combinations that approach a theoretically
slender configuration.

CONCLUSION

An investigation has been conducted in the Langley transonic blow-
down tunnel at Mach numbers from about 0.67 to about 1.32 to compare
two methods for reducing the pressure drag of a high-fineness-ratio
sweptback-wing—body combination at & Mach number of 1.3. The results



of the investigation indicate that, for a relatively slender configura-
tion, the streamline concept of shaping the fuselage does not offer
pressure-drag reduction greater than that obtainable with the supersonic-
area-rule concept.

Langley Research Center,
National Aeronautics and Space Administration,
langley Field, Va., February 19, 1960.
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TABLE I.- DESIGN COORDINATES FOR THE FUSELAGE INDENTED

ACCORDING TO SUPERSONIC AREA RULE

=l

0o e

Body Body
station, radius,
X r

0 0

.25 .122
.50 172
.75 211
1.00 .243
1.50 .298
2.00 .345
2.50 .385
3.00 422
3.50 456
4.00 U487
4.50 .490
%.65 .483
5.15 437
5.65 <397
6.15 .4oo
6.65 o2
7-15 433
7-65 439
8.15 438
8.65 R
9.15 419
9.65 Lok
10.00 400




TABLE I1.- DESIGN COORDINATES FOR THE COMBINATION FUSELAGE

Body Body
station, radius,
X r
0.00 0.000
.25 122
.50 172 Z
NG 211
1.00 243
1.50 .298
2.00 .3L5
2.50 .385
3.00 ez
3.50 456
4.00 487 z
L.50 .500
3.65
.8
5.12 See body Horizontal center line - -
Cross=
565 sectional [ _'J
6.15 . Vertical center line —J
6.65 ordinates
715
7-65 Body cross-sectionsl vi
8.15 438 ew
8.65 Rl
9.15 .48
9.65 Lok
10.00 koo
Body cross-section ordinates
x = 4.65 x = 4.85 X = 5.15 x = 5.65 x = 6.15
z y 2 y z y Z y z Y
.500 0 0.507 0 0.4ok 0 0.450 0 .387 0
Rty .050 .50k .050 490 .050 JLLs .050 .38k .050
.489 .100 kg3 .100 478 .100 32 .100 .376 .100
453 .200 476 .150 RIT3R .151 .Lo8 .150 .361 .150
ek .250 450 .200 425 .200 .372 .200 .339 .200
.385 .300 by .250 .380 .250 .320 .250 .309 .250
L334 .350 .367 .300 .318 .300 241 .300 267 .300
265 RN .300 .350 .223 .350 .166 .330 .208 .350
176 JLho .197 .4oo .121 .380 0 .355 .103 400
470 0 L3k 0 .392 RAL]
x = 6.65 x = 7.15 x = 7.65
Z v zZ y 4 N
0.347 0 0.368 0 0.415 [¢]
.345 .050 367 .050 Rk .050
L3h1 .100 .361 .100 .Lo6 .100
.332 .150 .352 .150 393 .150
.320 .200 338 .200 375 .200
303 .250 -321 .250 .350 .250
282 . 300 .298 .300 .317 .300
.255 -350 .268° .350 273 .350
.219 .hoo .230 .Loo 212 .4oo
.170 b5k 176 450 13k )
o -51% 0 .512 [o] 465
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L-294

L-57-3590

(v) Side view.

Figure 2.- Concluded.
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